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Food  for  Us  All 

Agriculture  has  wrought  a  miracle  of  plenty  in  the 
three  centuries  since  that  hungry  and  bleak  winter  which 
tested  the  Pilgrims  in  a  new  land. 

Today  our  supermarkets  teem  with  such  an  array  of 
foods  that  shoppers  are  often  faced  with  delightful  in- 
decision. Yet  malnutrition  and  undernutrition  linger  in  our 
affluent  society.  Many  Americans  are  too  poor  to  buy  an 
adequate  diet.  Others  lack  even  an  elementary  knowledge 
of  nutrition.  If  people  are  to  do  their  best  and  give  their 
best,  they  must  be  properly  nourished. 

This  vital,  basic  need  is  the  theme  of  the  latest  Yearbook 
of  Agriculture  Food  for  Us  All.  Its  400  pages  provide  a 
storehouse  of  information  for  those  who  would  feed  their 
families  nutritiously  and  economically.  In  the  foreword, 
Secretary  of  Agriculture  Clifford  M.  Hardin  also  expresses 
the  hope  that  the  new  Yearbook  will  "be  a  useful  gadfly 
to  the  American  conscience,"  one  to  "whet  the  appetite  of 
every  reader  for  action  in  achieving  the  goal  of  Food  for 
Us  All." 

The  Yearbook  contains  46  chapters,  rigorous  in  scholar- 
ship and  accuracy  yet  written  in  popular  language.  Food 
From  Farm  to  You,  the  first  section  of  the  book,  describes 
the  economics  of  food,  from  farm  and  sea  to  check-out 
counter.  The  second  section.  Buying  and  Cooking  Food, 
covers  the  major  classes  of  food  such  as  meats  and  vege- 
tables through  the  art  of  using  spices  and  herbs.  Many  buy- 
ing tips  and  recipes  are  also  presented.  The  last  section, 
Food  and  Your  Life,  is  devoted  mainly  to  nutrition  and  the 
planning  of  meals.  Topics  discussed  include  basic  food 
needs,  creating  good  food  habits,  weight  reduction,  and 
ideas  for  stretching  food  dollars. 

ARS  scientists  are  among  the  contributors  to  this  Year- 
book. Food  for  Us  All  should  be  a  welcome  ally  in  the 
nutrition  education  efforts  being  waged  around  the  country 
by  nutritionists  of  ARS  and  other  agencies.  The  facts  and 
figures  marshalled  here  can  help  make  a  significant  impact 
in  improving  our  national  well-being.  But  to  reach  this  goal 
it  is  ultimately  up  to  each  of  us  to  choose  foods  wisely  at 
the  store  and  table. 

Copies  of  the  1969  Yearbook  Food  for  Us  All  may  be 
purchased  for  $3.50  each  from  the  Superintendent  of  Doc- 
uments, Government  Printing  Office,  Washington,  D.C. 
20402.  Members  of  Congress  have  a  limited  number  of 
copies  for  free  public  distribution. 
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IN  THIS  DR.\MATIC  AGE,  the  explora- 
tion of  outer  space  sometimes 
makes  one  forget  the  dramatic 
and  important  exploration  of  inner 
space — occurring  right  here  on  earth. 

The  search  for  the  reasons  why 
plants  develop  in  the  ways  they  do. 
for  instance,  has  been  of  continuing 
interest.  \^Tiat  makes  some  plants 
taller,  what  makes  some  drop  their 
leaves  in  the  fall,  what  makes  plants 
flower  and  set  fruit  at  certain  times  of 
the  year?  All  these  questions  and 
others  are  barely  beginning  to  yield  to 
man's  search  into  the  fascinating 
world  of  2:rowth-re2ulatin2:  substances 
of  plants,  or  plant  "hormones,"  as 
they  are  sometimes  called. 

As  recently  as  1928,  F.  W.  Went,  a 


famous  American  botanist  of  Danish 
origin,  developed  a  method  for  ob- 
taining the  first  plant  hormone,  a 
substance  responsible  for  causing 
plants  to  bend  toward  light.  He 
named  the  substance  "auxin." 

In  the  past  four  decades  since,  the 
drama  has  been  unfolding  slowly  with 
the  isolation  and  identification  of 
several  other  families  of  plant  growth 
regulators — for  example,  the  gib- 
berellins  which  cause  plant  stems  to 
elongate  and  the  kinins  which  cause 
cells  to  divide. 

On  the  practical  side,  these  regulat- 
ing hormones  have  been  of  use  to 
agriculture  in  manv  ■ways — in  stimu- 
lating root  formation  on  cuttings,  in 
keeping  stored  potatoes  from  sprout- 


the  search 
for 
chemical 
triggers 


Technician  M.  E.  Droicne  passes  a  jet 
of  hot  air  into  a  small  flask  to  evapo- 
rate the  solvent  containing  the  conden- 
sation products  with  horynone-like 
■properties  (ST-5368-2). 


ing,  in  producing  seedless  fruits — to 
mention  only  a  few. 

The  most  recent  episode  in  the 
drama  unfolded  in  the  laboratory  of 
ARS  plant  physiologist  J.  W.  Mitchell 
at  Beltsville,  Md. 

Mitchell,  along  with  ARS  chemists 
N.  Mandava  and  J.  R.  Plimmer,  plant 
pathologist  J.  F.  Worley,  and  tech- 
nicians M.  E.  Drowne  and  B.  A.  Sid- 
well  were  testing  plant  hormones 
extracted  from  pollen  when  they 
noticed  some  startling  results  in  the 
bean  seedlings  used  in  their  tests.  Sub- 
stances not  expected  to  cause  stem 
elongation  in  the  seedlings  were  caus- 
ing them  to  elongate  as  much  as  those 
in  a  group  of  hormone-treated  plants. 

This  unexpected  event  triggered  a 
search  for  the  activating  substances. 
After  many  months  of  searching 
and  testing,  two  substances  finally 
emerged — phorone  and  triacetone- 
diol — -both  condensation  products  of 
acetone  and  both  rather  unstable. 
Their    very    instability    is    a  phe- 


nomenon that  may  merit  further 
exploration. 

Both  these  condensation  products, 
when  applied  to  stems  of  bean  seed- 
lings in  minute  amounts,  cause  marked 
stem  elongation — and  about  the  same 
amount  of  elongation  as  that  caused 
by  the  same  amount  of  gibberellin. 

Although  the  growth-stimulating 
effects  resemble  gibberellin,  as  far  as 
the  new  substances  have  been  tested, 
their  molecular  configurations  and 
complexities  are  entirely  different. 
Thus,  phorone  and  triacetonediol 
represent  an  entirely  new  family  of 
plant  growth  regulators. 

Even  though  it  is  yet  too  early  to 
predict  all  the  practical  implications 
of  this  recent  discovery,  one  advan- 
tage immediately  apparent  is  that 
these  chemical  substances  are  avail- 
able commercially  and  can  be  pur- 
chased should  further  testing  prove 
their  practical  significance. 

In  the  meantime,  investigating  and 
testing  continues.  ■ 


Above:  Bean  plant  at  left  ivas  treated  only  with  lanolin;  cuss  possible  structures  of  the  condensation  products  of 

center  plant  was  treated  with  5  micrograms  of  gibberellin  acetone  (ST-5367-2) .  Right:  A  minute  amount  of  phorone 

and  lanolin  and  plant  at  right,  with  5  micrograms  of  phorone  is  applied  to  the  second  internode  of  a  test  bean  seedling 

and  lanolin  {PN-18S3).  Below:  Mitchell  and  Mandava  dis-  (ST-5368-32) , 
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mohair 


modified  for  smoother 
performance 

EXACTLY  WHAT  HAPPENS  tO  AVOol 
or  mohair  fibers  in  the  2  or  3 
seconds  they  are  in  there  isn't  fully 
known,  but  when  they  come  out  they 
have  some  desirable  properties  they 
didn't  have  when  they  went  in. 

Textile  chemist  W.  J.  Thorsen 
stands  at  the  output  end  of  a  corona 
reactor,  a  device  built  at  the  ARS 
Western  utilization  research  labora- 
tory to  chemically  modify  wool  and 
mohair  fibers  by  passing  them 
through  the  atmosphere  bet^veen  two 
electrically  charged  plates. 

He  hands  you  a  tuft  of  mohair  that 
has  just  been  conveyed  through  the 
pilot-scale  reactor.  Although  you  are 
no  fiber  expert,  you  can  tell  at  the  in- 
stant of  touch  that  treated  fibers  are 
considerably  less  slick  than  untreated 
fibers. 

Slickness  in  untreated  mohair  fibers 
(the  hair  of  Angora  goats)  makes 
them  diflEcult  to  handle  during  card- 
ing, spinning  and  other  processes  in- 
volved in  converting  raw  fiber  into 
finished  fabric.  Slickness  is  a  major 
obstacle  to  increased  use  of  this 
natural  fiber. 

Other  improvements  in  the  chemi- 
cally modified  fibers  are  shrink  and 
soilage  resistance.  Under  proper  con- 
trol, corona  treatment  does  not  change 
fiber  tensile  strength,  fabric  abrasion 
resistance  (durability),  or  fiber  color. 
The  improved  cohesiveness  of  the 
fiber,  however,  increases  yarn  tensile 
strength,  and  yarns  may  also  be  spun 


Thorsen  examines  treated  mohair  fibers  as  they  emerge  from  the  corona  reactor 
(PN-1832). 


more  efficiently.  Fabric  luster,  a  de- 
sirable quality  of  mohair,  is  not  sig- 
nificantly changed. 

Although  treated  fiber  absorbs 
water  faster  than  untreated  and  fabric 
made  from  treated  fiber  feels  slightly 
more  harsh  to  the  touch,  these  draw- 
backs can  be  overcome  by  chemical 
treatments  for  fabrics  developed  at 
the  laboratory. 

Modifications  in  wool  and  mohair 
fibers  are  similar;  the  main  difference 
is  that  slickness  is  less  affected  in  wool 
fibers  since  they  are  not  slick  before 
treatment. 

Fiber  modification  takes  place  be- 
tween two  electrode  plates  about  five- 
sixteenths  of  an  inch  apart.  In  the 
pilot  reactor,  the  plates  are  14  by  24 
inches.  A  corona  field  is  created  when 
the  electric  charge  on  the  plates  is 
strong  enough  to  break  down  the  air 
or  gas  between  them  into  ions  and 
free  radicals.  Charge  reversal  and  gas 
breakdown  occur  4,000  times  per 
second  at  the  2,000  cycle  frequency 
used. 

Such  conditions  induce  chemical 
reactions  that  otherwise  might  be 
caused  only  with  difficulty  and  by 
more  costly  treatments.  Precisely 
what  kind  of  chemical  changes  take 
place  in  fibers  during  treatment  is  not 
known.  But  it  is  obvious  the  change  is 
in  the  surface  layers — the  interior  of 
the  fiber  is  not  changed. 

One  of  the  reasons  the  chemical 
reaction  is  difficult  to  determine  is 


that  the  mixture  of  ions  and  free  radi- 
cals (species)  in  the  corona  field  is 
complex.  With  air,  moisture,  and 
chlorine  present,  the  mixture  includes 
at  least  27  species.  Among  them  are 
atomic  oxygen,  ozone,  nitrogen  ox- 
ides, and  nitric  acid. 

The  fact  that  the  chemical  reactions 
occur  on  or  near  the  surface  adds  to 
the  difficulty  of  determining  their 
nature.  "We  would  literally  have  to 
skin  the  fiber  to  get  the  affected  part 
for  study,"  Thorsen  explains. 

Cost  of  corona  treatment  in  a  com- 
mercial plant  would  depend  on  scale 
of  treatment.  Thorsen  estimates,  how- 
ever, that  aside  from  cost  of  equip- 
ment, treating  costs  would  be  con- 
siderably less  than  1  cent  per  pound. 

"Although  corona  treatment  is  not 
new,"  Thorsen  says,  "there  is  still  a 
lot  to  be  learned  about  it.  We  have 
improved  on  earlier  processes  by  add- 
ina:  a  small  amount  of  chlorine  to  the 
air  and  operating  at  high  temperature. 
The  changes  speed  up  the  reaction  by 
a  factor  of  at  least  10,  making  the 
process  practical  now.  Commercial 
processors  are  interested,  and  corona 
reactors  should  become  available  be- 
fore long." 

At  the  present  stage  of  development, 
however,  corona  treatment  appears  to 
have  more  potential  benefit  for  mo- 
hair than  wool  because  mohair  is 
more  difficult  to  process  and  treat- 
ment overcomes  some  processing 
difficulties.  ■ 
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test  measures 

STINKBUG 
DAMAGE 

in  soybeans 

MORE  ACCURATE,  faster  methods 
for  assessing  stinkbug  damage 
in  soybeans  have  been  developed  by 
ARS  to  help  give  farmers  and  buyers 
a  better  idea  of  their  product's  market 
value. 

Stinkbugs  puncture  the  green  pods 
of  growing  soybeans,  sucking  the  sap 
out  of  the  beans  and  exposing  them  to 
further  mold,  fungi,  and  yeast  dam- 
age. A  problem  in  soybean-rich 
southern  States,  puncturing  can  lower 
the  oil  content  of  a  soybean  by  as 
much  as  2  percent  and  raise  oil  re- 
fining costs.  Present  control  measures 
are  only  partly  effective. 

Buyers  now  discount  the  price  of  a 
lot  containing  damaged  beans  accord- 
ing to  the  percent  by  weight  of  dam- 
aged beans.  A  bean  with  10  punctures 
generally  weighs  less — and  yields  less 
oil — than  a  bean  with  one  puncture. 
But  under  the  present  examining  sys- 
tem, buyers  pay  more  for  a  lot  con- 
taining a  certain  percentage  of 
heavily  damaged  beans  than  for  a  lot 
containing  the  same  i)ercentage  of 
slightly  damaged  beans. 

ARS  chemist  J.  R.  Hart  devised  two 
new  tests  that  show  the  actual  amount 
of  damaged  tissue  in  the  soybean 
samj)le  raliier  llian  the  weight  of  dam- 


Above:  In  flotation  method,  punctured 
beans  float  because  they  are  light  (ST- 
4585-li).  Right:  In  density  method, 
device  measures  time  bean  takes  to 
fall  from  one  point  to  another.  Bean 
breaks  light  beam  at  each  fixed  point. 
Information  registers  on  computer,  is 
fed  to  tape  punch,  and  processed  by 
computer.  Slightly  more  accurate  than 
the  flotation  method,  it's  more  expen- 
sive and  complex  {ST-4-585-25) . 

aged  beans.  The  tests  have  not  yet 
been  field  tested. 

His  "flotation  method"  involves 
counting  the  beans  that  will  float  in  a 
saturated  solution  of  sodium  chloride. 
The  percent  of  floating  beans  within  a 
given  sample  is  related  to  the  amount 
of  stinkbug-damaged  tissue. 

The  "density  method"  measures  the 
time  it  takes  for  individual  beans  to 
fall  from  one  fixed  point  to  another 
through  a  vertical  column  of  water. 
Beans  will  fall  faster  or  slower  depend- 
ing on  the  amount  of  damaged  tissue 
they  contain. 

Results  of  these  tests  are  available 
to  the  buyer  within  15  minutes — more 
than  30  minutes  sooner  than  with  the 
presently-used  method. 

Both  methods  give  accurate  results, 
especially  if  split,  moldy,  misshapen, 
and  shriveled  beans  not  containing 


punctures  are  picked  out  of  the 
sample. 

A  grain  inspector  or  buyer  with 
limited  technical  training  could  test 
samples  easily  and  inexpensively  with 
the  flotation  method. 

The  density  test,  while  slightly 
more  accurate,  is  more  complex  and 
requires  expensive  equipment  that  is 
not  readily  available  commercially. 
Instrumentation  for  the  density  test 
was  developed  by  ARS  agiicultural 
engineer  J.  D.  Rowan  in  Belts- 
ville,  Md.  ■ 
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LACK  OF  SUFFICIENT  IODINE  in  the 
diet  coupled  with  intake  of  cer- 
tain fats  can  trigger  the  development 
of  enlarged  thyroids,  a  diseased  con- 
dition called  goiter. 

This  finding,  by  Columbia  Univer- 
sity scientists  working  under  an  ARS 
contract,  could  be  significant  in 
iodine-deficient  areas  where  the  de- 
creased use  of  iodized  salt  is  believed 
to  be  an  important  factor  in  the  in- 
creasing occurrence  of  goiter.  An- 
other contributing  factor  involves 
such  new  developments  in  food  proc- 
essing as  the  continuous  mix  bread 
process,  which  call  for  salt  that  has 
not  been  iodized. 

In  the  study,  male  rats  of  the  Co- 
lumbia-Sherman strain  were  fed  an 
iodine-deficient  diet  containing  20 
percent  fat  by  weight  plus  a  weekly 
vitamin  supplement.  The  fats,  which 
had  been  prepared  for  human  con- 
sumption, varied  only  in  type:  fresh 
and  mildly  oxidized  beef  fat,  chicken 
fat,  butter,  lard,  cottonseed  oil,  olive 
oil,  corn  oil,  or  soybean  oil.  Other 
rats  of  the  same  strain  were  given  a 
commercial  ration.  All  received  the 
diets  from  the  time  of  weaning  until 
spontaneous  death  except  for  the  con- 
trol animals  which  were  sacrificed  at 
18  months. 

In  contrast  to  normal-size  thyroids 
of  23  to  31  milligrams  found  in  the 
control  animals,  thyroids  in  the  ex- 
perimental rats  ranged  from  34  to 
1,217  mg.  Olive  oil  in  the  diet  pro- 
duced a  high  incidence  (78  percent) 
of  thyroids  weighing  more  than 
100  mg.  The  incidence  of  large  thy- 
roids was  low  (22  percent)  when  the 
diets  contained  butter,  pork,  or  beef, 
while  chicken  fat,  soybean  oil,  and 
corn  oil  were  intermediate  (49  per- 
cent) in  their  effect  on  the  size  of  the 
thyroid. 

Iodine  content  of  the  thyroids  ana- 
lyzed was  similar  for  all  groups  re- 
ceiving fat  in  an  iodine-deficient  diet. 
This  finding,  together  with  the  fact 
that     significantly     more  thyroids 
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weighing  over  100  mg.  were  found  in 
rats  fed  vegetable  oils,  led  to  the  con- 
clusion that  the  increased  thyroid  size 
was  caused  by  goiter-producing  sub- 
stances in  vegetable  oils  rather  than 
by  increased  iodine  requirements  of 
the  rats.  The  incidence  of  large  thy- 
roids was  the  same  for  groups  fed 
fresh  and  oxidized  vegetable  oils,  in- 
dicating that  mild  heating  and  oxida- 
tion did  not  destroy  these  goiter- 
producing  substances. 

Because  there  were  more  thyroids 
weighing  less  than  100  mg.  in  all  age 
groups  fed  animal  fats,  advancing  age 


of  the  experimental  rats  was  ruled  out 
as  a  significant  factor. 

Thirty  percent  of  the  animals  600 
days  or  older  were  found  to  have 
pituitary  tumors.  The  percentage  of 
tumors  occurring  in  rats  with  heavy 
thyroids  was  lower  in  those  fed  vege- 
table oils,  although  the  overall  tumor 
incidence  was  the  same  as  in  rats  fed 
animal  fats.  Whatever  the  cause  of 
the  increased  incidence  of  large  thy- 
roids among  animals  fed  vegetable 
oils,  the  substances  responsible  did 
not  appear  to  affect  the  number  of 
pituitary  tumors.  ■ 


fats  linked  to  goiter 


TAGS 

with  stay  power 


EAR  TAGGING,  the  most  common 
way  to  identify  livestock  both  on 
a  permanent  and  temporary  basis,  has 
two  disadvantages — tags  are  easily 
lost  or  they  become  illegible.  To  elim- 
inate these  problems,  ARS  animal 
identification  specialist  N.  W. 
Hooven,  Beltsville,  Md.,  is  evaluating 
several  types  of  tags. 

Showing  promise  for  identification 
of  sheep  and  lambs,  for  example,  is  a 
new  tag  made  of  an  oilcloth-like  ma- 
terial that  is  light  in  weight  and  yet 
large  enough  to  be  easily  seen  from  a 
distance.  The  tag  is  shaped  like  a  bar- 
bell, except  that  the  ends  are  flat  and 
square.  The  lamb's  nursing  ability  is 
not  affected  by  this  ear  tag  as  it  is  with 
heavier  tags.  The  tag  is  also  being 
tested  on  calves  and  older  cattle. 

Another  ear  tag  under  evaluation  is 
made  of  a  lightweight,  flexible  plastic. 


One  end  is  square  and  contains  the 
identification  number;  the  other, 
shaped  like  an  arrow,  is  punched 
through  the  animal's  ear  with  a  spe- 
cially designed  tool.  In  1-year  tests 
with  beef  cattle,  this  tag  had  about  98 
percent  retention  as  compared  with 
some  other  tags  which  had  only  about 
77  percent  retention. 

A  high  level  of  retention  is  also 
found  with  a  plastic  tag  which  is  held 
in  place  by  a  four-pointed,  star-like 
projection  at  the  back  of  the  tag. 

Another  type,  the  brisket  tag,  can 
be  easily  seen,  says  Hooven,  and  none 
of  them  have  been  lost  by  cattle.  But 
this  tag  is  expensive  and  hard  to  in- 
sert because  of  the  thick  skin  in  this 
region  of  the  body.  Since  the  tag 
passes  through  two  folds  of  skin,  in- 
fection is  more  likely  to  develop  and 
be  more  difficult  to  treat  than  infec- 
tion from  ear  tags. 

When  dairy  cattle  are  milked  in 
herringbone-style  parlors,  only  the 
hindquarters  are  visible,  making  neck 
chains  and  ear  tags  impractical  for 
identifying  animals.  To  help  dairy- 
men, Hooven  is  trying  newer  methods 
of  identification  which  can  easily  be 
seen  by  the  person  milking  the  cows. 
One  method  is  the  "flank"  tag.  Un- 
fortunately, flank  tags  are  difficult  to 
insert  and  require  careful  disinfection 
of  the  wound  area,  a  time-consuming 
project  for  a  busy  dairyman.  And  the 
flank  is  continually  subjected  to  con- 


tamination by  dirt  and  manure,  in- 
viting infection.  When  the  cow  walks, 
the  flank  stretches,  irritating  the 
wound  and  thus  prolonging  the  heal- 
ing process.  Additional  work  needs 
to  be  carried  out  to  overcome  some  of 
these  disadvantages. 

Tail  tags  have  been  used  by  dairy- 
men, but  Hooven  considers  them  a 
waste  of  money.  H  the  tags  are  not 
tight,  they  slide  off^  easily,  especially 
in  fly  season  when  the  tail  is  used  as 
a  swatter.  H,  on  the  other  hand,  the 
tags  are  tight,  the  blood  can't  cir- 
culate and  the  animal's  tail  sloughs 
off. 

Several  types  of  tags  are  also  being 
evaluated  on  sheep  and  cattle  at  Clay 
Center,  Nebr.,  and  Front  Royal,  Va.  ■ 


Left:  Brisket  tag  {ST-U936-U).  Cen- 
ter: Lightweight  tag  that  is  easily  seen 
at  a  distance  (ST-493i-9).  Top  right: 
Tag  inserted  with  hollow  tube  has 
high  rentention  rate  and  is  becom- 
ing popular  with  cattlemen  {ST- 
U937-8).  Bottom  right:  Tag  held  bij 
star-like  projection  is  not  easily  lost 
{ST-U937-2U). 
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Left:  Hart  at  com- 
'puter  where  he 
processed  2  years 
of  data  in  about  20 
hours  iST-^867- 
15).  Right:  Grass 
sample  is  collected 
to  determine 
amount  of  forage 
in  pasture  (ST- 
4867-2). 


MOLASSES 


feed  supplement  for  the  tropics 


MOLASSES  can  be  an  acceptable 
alternate  to  corn  as  a  feed  sup- 
plement in  the  tropics  and  other  parts 
of  the  world  where  grass  is  abundant 
and  molasses  inexpensive  and  easily 
obtained,  but  where  corn  is  not  read- 
ily available  or  economically  practical. 

Feed  supplements  help  grazing  cat- 
tle gain  faster  than  they  do  on  diets 
of  grass  alone,  and  less  pastureland 
is  needed.  Grass  may  provide  suffi- 
cient protein,  but  it  often  lacks  avail- 
able energy,  hence  the  need  for 
supplements. 

Studies  to  evaluate  molasses  as  a 
feed  supplement  for  cattle  grazing 
orchardgrass  were  conducted  over  a 
2-year  period  at  Beltsville,  Md.,  by 
ARS  agronomists  R.  H.  Hart  and 
G.  E.  Carlson,  and  animal  nutrition- 
ists James  Bond  and  T.  S.  Rumsey. 

In  their  experiments  they  pastured 
116  yearlings,  steers  and  heifers, 
averaging  about  450  pounds  each  on 
18  orchardgrass  pastures.  Pastures 
ranged  from  1  to  3  acres  and  were 
stocked  at  a  rate  of  1^  to  5  animals 
per  acre.  Equal  numbers  of  cattle 
grazed  on  grass  alone,  grass  plus  a 
self -fed  corn  supplement  (90  percent 
ground  shelled  corn  and  10  percent 
fat),  and  grass  plus  self -fed  molasses 
with  urea  added  to  increase  protein 


to  9  percent,  matching  the  protein 
content  of  corn. 

Depending  on  the  amount  of  grass 
available,  cattle  that  ate  only  grass 
gained  about  i/o  to  11^  pounds  a  day. 
Those  fed  9  to  11  pounds  of  molasses 
daily  and  the  same  amount  of  grass  as 
cattle  on  grass  alone  gained  1  to  2 
pounds  a  day.  With  a  corn  supple- 
ment of  9  pounds  a  day,  the  gains  ran 
from  1^4  to  2  pounds  regardless  of 
the  grass  available. 

The  highest  beef  production  per 
acre  in  one  season — 1,200  pounds — 
was  obtained  from  cattle  fed  a  corn 
supplement.  With  molasses,  850 
pounds  was  the  highest  gain,  and 
without  any  supplement  500  pounds 
was  the  top  figure. 

The  studies  showed  that  gains  were 
controlled  by  feed  consumption  and 
by  each  animal's  ability  to  convert 
feed  to  beef.  Gains  among  the  animals 
varied  the  least  when  feed  was  limit- 
ing. When  feed  was  not  limiting,  gains 
varied  widely  because  of  the  differ- 
ence in  each  animal's  conversion 
ability. 

Interestingly,  the  weight  gains  were 
not  related  to  sex;  both  steers  and 
heifers  gained  equally  in  each  feed- 
ing situation. 

Nine  heifers  from  each  test  group 


were  graded  on  the  hoof  according 
to  USDA  standards,  then  slaughtered 
and  the  carcasses  graded.  Meat  from 
animals  on  supplemented  diets  was 
rated  higher  than  meat  from  those  fed 
only  grass.  Seven  of  the  corn-fed 
cattle  were  rated  choice,  two  rated 
good.  Of  the  molasses-fed  group,  three 
were  choice,  five  good,  and  one 
standard.  Eight  of  the  grass-fed  cattle 
rated  good  and  one,  standard. 

In  taste-panel  tests,  the  meat  was 
rated  on  aroma  intensity  and  desira- 
bility, fat  and  lean  flavor,  fat  and  lean 
color,  texture,  tenderness,  juice  qual- 
ity and  quantity,  and  on  overall 
desirability. 

Meat  from  animals  on  supple- 
mented diets  was  rated  superior  to 
meat  from  cattle  fed  only  grass.  Sam- 
ples from  corn-fed  and  molasses-fed 
animals  were  rated  about  the  same  ex- 
cept that  the  corn-fed  beef  was  more 
tender.  The  taste  panelists  rated  taste 
and  tenderness  the  same  for  both 
choice  and  good  grades  of  the  corn- 
fed  and  the  molasses-fed  beef.  The 
ratings  of  grass-fed  beef  covered  a 
broad  range  from  high  to  low  in  taste 
and  tenderness. 

In  continuing  research,  the  scien- 
tists are  studying  the  use  of  molasses 
as  a  supplement  with  other  grasses.  ■ 
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GRASS-COVERED  BASINS  called  plant- 
Soil  filters  may  be  one  answer  to 
the  need  for  multiple  reuse  of  water. 

Predictions  are  that  multiple  reuse 
of  water  will  be  necessary  by  1980 
when  water  consumption  for  all  uses 
in  the  nation  will  equal  or  exceed  the 
recoverable  streamflow  and  ground 
water  supply. 

Soil  and  hydrogeologic  conditions 
permitting,  plant-soil  filters  can 
cleanse  for  unrestricted  irrigation,  rec- 
reation, or  even  human  use  300-acre 
feet  or  more  of  secondary  sewage  ef- 
fluent per  year  per  acre  of  filter.  And 
the  filters  could  do  it  at  a  fraction  of 
the  cost  of  equivalent  chemical  treat- 
ment. Unlike  chemically  treated  ef- 


fluent, the  renovated  water  lias  lost  its 
identity  as  sewage  eflluent  and  has 
become  ground  water. 

These  are  facts  learned  from  a  pilot 
project  dubbed  Flushing  Meadows  in 
the  first  2  years  of  operation  near 
Phoenix,  Ariz.  (AGR.  KES.,  Nov. 
1967,  p.  41.  Effluent  from  the  sewage 
treatment  ))lant  at  PhixTiix  is  dis- 
charged into  a  dry  river  bed  and  some 
of  the  effluent  is  pumped  into  llie 
basins  for  the  study.  The  project  if  a 
cooperative  elTorl  of  A  US,  the  Sail 
Kiver  Project  (irrigation  district), 
and  the  Federal  Water  Pollution  Con- 
trol Administration. 

Cities  now  usually  Ireal  raw  sewage 
to  varying  degrees,  then  discharge  it 


into  rivers.  There,  the  nitrogen  con- 
tent of  the  effluent  can  be  a  pollution 
problem.  Nitrogen  and  phosphorus 
promote  profuse  growth  of  algae. 

A  plant-soil  filter  system  of  some 
1,000  acres  could  handle  all  of  the 
secondary  effluent  from  Phoenix  and 
adjacent  cities — a  projected  300.000 
acre-feet  annually  by  the  year  2000. 
What's  more,  the  reclaimed  water  is 
less  costly  than  most  water  purchased 
from  irrigation  districts.  Plant-soil 
filter  costs  run  about  $5  per  acre-foot 
while  chemical  treatment  runs  to  about 
$■50  per  acre-foot.  Costs  vary  on  water 
from  irrigation  districts  but  some  run 
$10  per  acre-foot  or  even  higher. 

The    Flushing    Meadows  Project 
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Above:  Effluent  is  pumped 
from  constant  head  tank  into 
bottle  by  ARS  agricultural 
engineer  Robert  Rice.  Sample 
will  be  used  for  soil  column 
studies  at  U.  S.  Water  Con- 
servation lab  to  determine 
dispositioyi  of  nitrogen  and 
oxygen  requirements.  The 
tank  is  an  overflow  structure 
that  maintains  constant  pres- 
sure iyi  flume  siipplij  lines 
{1069Z39-10).  Left:  Techni- 
cian E.  D.  Escarcega  adjusts 
in-flow  of  effluent  into  re- 
charge basin  as  Bouwer 
checks  flow  rate  on  water 
stage  recorder  {1069Z40-20) . 


Left:  Bouwer  operates  electrical  analog  to  determine 
the  properties  of  ground  water  reservoirs.  He  also  used 
analog  to  design  the  prospective  system  for  Phoenix 
area  {1069ZA1-13) . 


Right:  Escarcega  measures  water  pressure  with 
tensiometer.  Device  tells  where  clogging  occurs, 
how  fast  soil  drains  when  basin  is  dry,  and  how 
long  it  takes  inundation  to  rewet  basin  {1069Z4.2-1) . 


consists  of  six  parallel  recharge  basins 
20-  by  70-feet  each. 

The  grass  eliminates  some  of  the 
suspended  matter  and  at  the  same 
time,  shades  the  bottom,  cutting  down 
on  algal  growth.  It  also  provides  an 
anchoring  place  for  aerobic  bacteria 
(active  in  the  presence  of  oxygen) 
that  digest  organic  substances  in  the 
water. 

Under  the  aerobic  conditions  at  the 
beginning  of  the  inundation  period, 
micro-organisms  oxidize  the  ammo- 
nium (NH,)  in  the  effluent  to  nitrate 
(NO.i).  When  all  of  the  oxygen  has 
been  consumed  by  the  aerobic  micro- 
organisms and  the  grass  roots, 
anaerobic  (no  free  oxygen  present) 
conditions  set  in  and  bring  on  the 
denitrifying  activity.  Under  those  con- 
ditions, certain  micro-organisms  get 
the  oxygen  for  their  metabolism  from 
the   nitrate,   forming   nitrogen  gas 


which  escapes  to  the  atmosphere. 

ARS  hydraulic  engineer  Herman 
Bouwer,  who  is  directing  the  project, 
says  that  90  percent  of  the  nitrogen 
can  be  removed  from  the  effluent  dur- 
ing alternate  cycles  of  14  days  wet,  10 
days  dry.  The  dry-up  period  serves 
two  purposes — (1)  it  restores  the  in- 
filtration rate  which  drops  during  a 
long  inundation  period  due  to  soil 
clogging  and  (2)  it  brings  oxygen 
into  the  soil  profile  to  aid  in  nitrifica- 
tion and  digestion  of  organic 
material. 

Bouwer  and  coworkers  have  found 
that  basins  seeded  with  common  Ber- 
mudagrass  more  elfectively  remove 
nitrogen  than  do  ungrassed  plots.  Al- 
though plant  uptake  of  nitrogen  as  a 
nutrient  has  little  to  do  with  its  re- 
moval, the  plants  may  add  more  or- 
ganic material  to  the  water  for  use 
by  denitrifying  micro-organisms  un- 


der anaerobic  conditions.  Also,  con- 
sumption of  oxygen  by  plant  roots 
could  speed  the  onset  of  anaerobic 
conditions  necessary  for  nitrogen 
removal. 

About  90  percent  of  the  phospho- 
rous is  removed  by  adsorption  to  soil 
particles  or  by  precipitation  into  the 
soil  profile. 

The  biochemical  oxygen  demand  in 
raw  sewage  runs  about  200  ppm.  Sec- 
ondary sewage  carries  about  20  ppm, 
while  plant-soil  filters  clean  the  sec- 
ondary sewage  to  about  0.2  ppm — as 
clean  as  most  ground  water  and  un- 
polluted stream  water. 

Although  most  of  the  fecal  colliform 
bacteria  and  viruses  in  the  effluent  die 
out  while  traveling  vertically  through 
the  first  5  to  10  feet  of  soil,  Bouwer 
suggests  that  pumps  be  placed  at  least 
500  feet  from  the  basins  to  make  cer- 
tain the  water  is  usable.  It  should  take 
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at  least  a  month  for  the  \vater  to  travel 
from  the  basins  to  the  pump.  This 
time  and  distance  of  underground 
travel  is  also  desirable  for  improving 
taste  and  odor.  Bou\\  er  says. 

Along  with  optimum  design  and 
management,  other  criteria  necessary 
for  the  proper  functioning  of  recharge 
basins  are  that  the  water  table  below 
the  recharge  basins  be  at  least  5  feet 
deep  and  that  precautions  be  taken  to 
minimize  the  spread  of  reclaimed 
water  into  the  aquifer. 

Ultimately,  salt  may  be  a  problem 
\\ith  reclaimed  water.  Each  time  the 
water  goes  throuah  a  cvcle  of  domes- 
tic  use  it  picks  up  about  300  ppm  salt. 
Water  in  the  Phoenix  area  starts  out 
at  about  600  ppm.  \^Tien  the  salt  con- 
tent reaches  1.000-1,500  ppm  after 
several  cycles  of  use,  it  "vvdll  probably 
have  to  be  blended  with  other  "fresh" 
water  or  desalinized.  ■ 


Below:  Bouncer  demonstrates  fine  texture  of  sand  in  Salt 
River  bed.  Sand  goes  doicn  3  feet;  coarse  sand  and  gravel 
go  250  feet  deeper — an  ideal  combination  for  recharge 
basin  studies  {1069Z39-19) . 


Above:  Clarence  Lance  takes  air  samples  for  analysis  from 
cohnnns  filled  with  soil  from  recharge  basiyis.  Analysis  tvill 
determine  how  much  oxygen  is  needed  by  bacteria  to  de- 
compose organic  wastes  {1069Z41-S4) ' 


fertilizers  &  feedlots 

.  .  .what  role  in  groundwater  pollution? 


No  SIGNIFICAJNfT  CONTAMINATION  of 
the  water  table  with  nitrate  from 
farm  fertilizers  or  extensive  cattle- 
feeding  operations  was  found  in  pre- 
liminary ARS  studies  in  northeastern 
Colorado. 

But  the  studies  indicated  that  sub- 
stantial amounts  of  nitrate  could 
eventually  reach  the  water  table  under 
heavily  fertilized  irrigated  fields  and 
under  feedlots. 

Much  additional  research  is  needed 
to  define  the  conditions  under  which 
nitrogen  fertilization  and  percolation 
from  feedlots  may  constitute  a  pollu- 
tion hazard  and  to  find  ways  for  dis- 
l)osing  of  animal  wastes  safely. 
ARS  studies  are  underway  in  Colo- 
rado, Georgia,  Maryland,  Nebraska, 
Pennsylvania,  and  Texas. 

Nitrate  content  can  influence  the 
suitability  of  ground  water  for  house- 
hold use.  Nitrate  can  be  converted  to 
nitrite,  which  under  certain  condi- 
tions, can  reduce  the  oxygen-carrying 
capacity  of  red  blood  cells  in  infants. 


Adults  are  seldom  affected.  The  Pub- 
lic Health  Service  has  set  10  parts  per 
million  as  the  maximum  desirable 
limit  for  nitrate-nitrogen  in  drinking 
water. 

ARS  soil  scientists  B.  A.  Stewart, 
F.  G.  Viets,  G.  L.  Hutchinson  and 
W.  D.  Kemper  measured  nitrates  in 
129  soil  cores  drilled  to  bedrock  or 
the  water  table  and  in  75  samples  of 
ground  water  taken  with  the  cores  in 
Colorado's  South  Platte  River  Valley. 
The  Colorado  Agricultural  Experi- 
ment Station  cooperated. 

The  irrigated  part  of  the  valley  is 
intensively  farmed,  and  its  feedlots 
handle  more  than  600,000  cattle  at 
one  time.  Use  of  commercial  fertilizer 
in  Colorado  has  increased  five-fold  in 
the  past  decade  but  is  not  excessive  in 
terms  of  crop  needs.  Nonirrigated 
fields  and  rangelands  in  the  valley 
w  here  cores  were  taken  have  never  re- 
ceived nitrogen  fertilizer. 

The  investigators  found  that,  on  the 
average,  the  kind  of  land  use  did  not 


affect  the  nitrate  concentration  of 
water  entering  the  bottom  of  the  holes 
where  the  cores  were  taken. 

Even  under  the  same  kind  of  land 
use,  the  composition  of  the  water  was 
highly  variable.  Nitrate-nitrogen  in 
ground  water  samples  from  beneath 
feedlots,  regularly  fertilized  irrigated 
fields,  cultivated  dryland,  and  native 
rangeland  varied  from  none  to  more 
than  10  ppm. 

The  scientists  emphasize  that  their 
samples  came  from  the  surface  of  the 
water  table  and  may  not  represent 
what  is  pumped  from  a  well  that  taps 
several  to  many  feet  of  a  water- 
bearing stratum.  The  surface  may  con- 
tain more  pollutants  than  water  deeper 
in  the  aquifer. 

Although  the  nitrate  content  of  soil 
cores  taken  under  sites  with  the  same 
land  use  was  also  extremely  variable, 
land  use  did  influence  the  nitrates 
under  the  various  sites.  Average  total 
nitrate-nitrogen  (pounds  per  acre)  in 
20-foot  cores  was: 
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Irrigated  alfalfa 

79 

Native  grassland 

90 

Nonirrigated  cropland 

261 

Irrigated  cropland  not  alfalfa_ 

506 

Feedlots 

1,436 

The  low  reading  under  alfalfa  was 
expected.  Its  roots  can  remove  ni- 
trates from  deep  in  the  soil,  and  it  is 
rarely  fertilized  with  nitrogen  since 
nodules  on  its  roots  utilize  free  nitro- 
gen from  the  air. 

The  nitrates  in  cores  taken  from 
nonirrigated  crop  and  rangeland 
probably  result  from  normal  decom- 
position of  organic  matter  and  natu- 
ral deposits  in  these  soils,  and  not 
from  man's  activities. 

The  researchers  say  nitrate  accumu- 
lation in  soil,  amount  of  water  moving 
through  the  soil,  and  hydraulic  char- 
acteristics of  the  aquifer  determine 
ground  water  pollution. 

In  the  semiarid  South  Platte  Val- 
ley, only  1  to  4  inches  of  water  move 
downward  annually.  Of  the  506 
pounds  per  acre  of  nitrate-nitrogen 
in  the  soil  of  irrigated  fields  not  in 
alfalfa,  scientists  estimate  only  25  to 
30  pounds  reach  the  w^ater  table  each 
year.  Whether  this  amount  produces 
serious  contamination  depends  on  the 
size  of  the  aquifer,  ^vhere  its  water 
comes  from  and  goes,  and  how  rap- 
idly aquifer  ^vater  is  exchanged. 

Despite  the  high  nitrate  concentra- 
tion under  feedlots,  scientists  believe 
the  contribution  of  these  areas  to 
ground  water  pollution  is  not  great. 

Feedlots  occupy  a  relatively  small 
part  of  the  total  area,  and  some  break- 
down of  nitrate  probably  occurs  above 
the  water  table  in  most  feedlots.  The 
scientists  attribute  this  to  deep  per- 
colation of  soluble  carbon  compounds 
capable  of  supporting  micro-orga- 
nisms that  release  nitrogen  by  denitri- 
fication.  Farmstead  Avells  near  feedlots 
are  most  likely  to  be  polluted,  but  the 
offensive  odor  of  the  water  is  a  Avarn- 
ing  that  nitrates  may  be  present.  ■ 


Identifying 

Mycoplasma.  .  .quickly 

A RELIABLE  METHOD  for  rapidly  identifying  Mycoplasma  strains 
is  being  perfected  by  Israeli  scientists  under  a  Public  Law  480 
foreign  currency  grant  from  ARS. 

The  Israeli  work  will  substantially  advance  immunologic  studies  of 
the  numerous  strains  of  Mycoplasma,  previously  known  as  PPLO 
(pleuropneumonia-like  organisms),  which  are  known  to  cause  pneu- 
monia in  man  and  other  mammals,  mastitis  in  cattle,  infectious 
sinusitis  in  turkeys,  and  chronic  respiratory  disease  in  chickens.  In 
addition,  various  Mycoplasma  species  have  been  isolated  from  body 
fluids  and  tissues  of  humans  affected  wdth  various  diseases,  including 
certain  genetic  disorders.  Mycoplasma  are » classified  somewhere 
among  bacteria,  the  rickettsiae,  and  viral  organisms. 

Some  of  the  Mycoplasma  strains  studied  by  the  Israelis  w^ere  within 
the  species  Mycoplasma  mycoides  yai.  mycoides,  the  cause  of  con- 
tagious bovine  pleuropneumonia.  This  work  for  USDA  could  only 
be  done  overseas  because  Federal  quarantine  regulations  forbid  the 
importation  of  M.  mycoides  cultures.  A  highly  infectious  disease, 
bovine  pleuropneumonia  has  been  eradicated  in  North  America  but 
remains  a  constant  threat. 

In  the  past,  Mycoplasma  strains  were  identified  through  a  time- 
consuming  probe  of  the  entire  organisms.  The  Israelis  compressed 
the  time  required  by  concentrating  on  the  Mycoplasma  cell  membrane. 
They  found  that  this  thin  covering,  w^hich  forms  over  30  percent  of 
the  total  cell  mass,  contains  all  the  necessary  biological  codes  for 
characterization  of  different  species  and  strains  within  species. 

The  Israelis  gently  ruptured  the  micro-organisms,  taking  only  the 
cell  membrane  for  study.  This  is  analogous  to  investigating  the  meta- 
bolic secrets  of  an  egg  by  studying  only  the  fragments  of  its  shell. 

The  researchers  took  the  membrane  apart  with  detergents,  and  in 
one  group  of  experiments  subjected  the  soluble  and  membrane-bound 
Mycoplasma  proteins  to  electrophoretic  studies.  In  electrophoresis, 
particles  suspended  in  a  liquid  migrate  by  electromotive  force  to  spe- 
cific electrodes;  in  so  doing,  the  particles  form  identifiable  bands  or 
patterns  of  varying  densities  and  widths. 

The  Israelis  proved  that  these  different  protein  patterns  could  be 
infallibly  matched  to  specific  species.  This  identification  procedure 
is  so  efl5cient  that  less  than  1  milligram  of  cell  protein  is  required  for 
the  test. 

Shmuel  Razin  is  the  principal  investigator  for  this  4- year  project, 
begun  in  1965  at  the  HebreAv  University.  Jerusalem.  The  ARS  spon- 
soring scientist  is  0.  L.  Osteen.  Beltsville,  Md.  ■ 
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House  Fly  Pupae ...  for  Feed? 

House  fly  pupae  could  be  an  ac- 
ceptable protein  source  when  substi- 
tuted for  soybean  meal  in  chick  feed. 

Day-old  chicks  fed  dried,  ground 
fly  pupae  as  a  source  of  protein  grew 
at  a  rate  equal  to  that  of  control  chicks 
fed  soybean  meal.  ARS  poultry  nutri- 
tionists C.  C.  Calvert  and  R.  D.  Mar- 
tin and  entomologist  N.  0.  Morgan 
conducted  the  research  at  Beltsville, 
Md.  The  researchers  say  that  rearing 
the  pupae  on  poultry  manure  could 
provide  a  way  to  convert  the  manure 
into  useable  high-quality  protein. 

In  the  tests,  fly  pupae  from  a  labo- 
ratory colony  were  frozen  and  then 
dried  in  a  forced  air  oven.  After  dry- 
ing, they  were  ground  and  mixed  with 
cellulose  to  adjust  the  protein  content 
from  63.1  down  to  50  percent — the 
same  percentage  protein  as  the  soy- 
bean meal. 

Two  diets  were  fed  to  the  chicks; 
regular  chick  starter  ration,  or  the 
same  ration  with  the  fly  pupae  substi- 
tuted for  soybean  meal  as  the  source 
of  protein  in  the  feed. 


In  phase  one  of  the  experiment,  all 
chicks  were  fed  regular  chick  starter 
for  the  first  week.  Then,  half  of  the 
chicks  were  continued  on  the  regular 
ration  while  the  other  half  were  fed 
the  experimental  ration  for  a  week.  In 
the  second  phase  of  the  experiment, 
half  of  another  group  of  chicks  were 
fed  the  regular  and  half  the  experi- 
mental ration  for  the  entire  two  weeks. 
Chicks  in  all  the  tests  grew  equally 
well. 

Warm  Soil  Improves  Peanut  Stand 

For  good  seedling  emergence,  soil 
temperature  at  peanut  planting  time 
should  average  65°  F.  or  higher  at 
4-inch  depth.  Planting  peanut  seed  in 
cool  soil  reduces  stand. 

The  date  when  the  mean  soil  tem- 
perature (average  of  daily  maximum 
and  minimum)  had  averaged  65°  F. 
for  10  days  ranged  from  March  8  to 
April  13  at  three  Alabama  locations 
over  a  5-year  period.  The  study  was 
conducted  at  Auburn,  Ala.,  by  agron- 
omists A.  C.  Mixon  of  ARS  and  E.  M. 
Evans  of  the  Alabama  Agricultural 
Experiment  Station  and  meteorolo- 
gist P.  A.  Mott  of  the  U.S.  Weather 
Bureau. 

If  growers  cannot  obtain  daily  soil 
temperature  readings  from  the  local 
Weather  Bureau  office,  they  can  insert 
a  reliable  thermometer  4  inches  into 
the  soil  at  several  locations  in  the  field 
and  take  readings  about  10  a.m.  on  a 
clear  day.  The  average  of  the  read- 
ings should  approximate  the  daily 
average  soil  temperature  in  the  field. 

Salt  Helps  Gage  Stream  Velocity 

Common  table  salt  is  helping  meas- 
ure water  velocities  in  stream 
channels. 

The  cheap,  efl'ective  salt-tracing 
method — an  off^shoot  of  techniques 
using  expensive  fluorescent  dyes  or 
radioisotopes — is    ideal    for  small 


mountain  streams  where  light  port- 
able equipment  is  a  necessity. 

The  method  is  not  only  inexpensive,  ! 
quick,  and  easy,  it  also  employs  equip-i 
ment  already  available  at  many 
experimental  watershed  and  water 
resources  centers. 

One  person,  even  in  stormy  weather 
in  rough  terrain,  can  measure  streaml 
velocity  with  the  aid  of  a  pH  meteri 
(measures  ion  activity)  equipped 
with  a  sodium  ion  probe. 

About  a  half  pound  of  salt  is  dis-' 
solved  in  3  gallons  of  stream  water,- 
injected  into  the  center  of  the  stream, 
and  measured  downstream  by  the  pH  I 
meter.  A  time-concentration  graph  is- 
constructed  from  the  meter  readings- 
and,  through  the  use  of  equations,  the 
stream  velocity  in  feet  per  second  is  • 
obtained.  The  amount  of  salt  used  is 
so  small  that  pollution  is  negligible. 

Channel  velocities  are  important  to 
hydrologists  developing  flood  routing: 
techniques  in  such  channels  and  are 
also  used,  among  other  things,  in  de- 
veloping mathematical  (computer) 
models  for  predicting  runoff  from  i 
mountainous  watersheds. 

ARS  research  associates  D.  J. 
Calkins  and  Thomas  Dunne,  Sleepers 
River  Research  Watershed,  Danville, 
Vt.,  report  that  the  salt-tracing  tech- 
nique provides  a  better  estimation  of 
channel  velocities  in  mountainous 
streams  than  existing  stream  velocity 
measuring  methods. 


CAUTION:  In  using  pesticides  dis- 
cussed in  this  publication,  follow 
directions  and  heed  precautions  on 
pesticide   labels.   Be  particularly 
7\        careful  where 
"j^yfe         ]      there  is  danger  to 
PROTECT      wildlife   or  pos- 
sible  contamina- 
tion  of  water 
^4*p44^i^^^  supplies. 

FOLLOW  THE  LABEL 


16 


AGRICULTURAL  RESEARCH 


INDEX:  1969 

c 


i 


A 


African  swine  fever.  Nov-10 

,  Alfalfa: 

Aphid-resistant.  Nov-5 
Team,  resistant  variety.  May-8 
Utilization.  Sept-5 

Vapors  for  biological  control.  Nov-13 

Weevil-resistanL  Sept-15 
Alfalfa  weevil  vs.  predators.  Oct-10 
Aluminum  foils  aphids.  Mar-7 
Ammonia  controls  root  rot.  Jan-11 
Anaplasmosis  field  test.  Apr-7 
Antibiotic : 

Discovered.  May-5 

Tempeh.  Apr-5 
Antibody  count  for  protein  test.  Sept-8 
Apliids : 

Aluminmn  foils.  Mar-7 

Resistant  alfalfas.  Nov-5 

Parasites  control.  Nov-16 
Apple  pomace  for  feed.  Jan-15 
Artificial  insemination  of  s'svine.  ^Iay-6 
Attractants: 

Boll  weevil.  Jan-6;  Apr-14;  Oct-8 

Breath  lures  conenose  bugs.  May-14 

Carbon  dioxide  lures.  June-15 

Pink  bollworm.  Sept-15 

Scre^vworm  fly.  Aug-6 
Atwater  lecture.  Sept-14 
Awards,  USDA  July-14 


B 


Bacteria : 

Control  poultry-  lice.  July-6 
Yield  weed  killer.  May-11 

Ban  wart  beaker  for  Salmonella  test.  June-7 

Barbecue,  jNIicrowave.  July-10 

Beans,  pinto,  zinc  shortage  in.  June-15 

Biological  control: 

Alfalfa  vapors  for.  Nov-13 
Douglas-fir  tussock  moth.  May-12 
Parasites  vs.  alfalfa  weevil.  Oct-10 
See  also  Attractants;  Bacteria;  Parasites 

Birth  defects,  plants  cause.  Nov-11 

Bluetongue  in  cattle.  Feb-8 

Boll  weevil  Jan-6;  Apr-14;  Oct-8 

Bovine  diarrhea  virus.  Aug-11 

Bovine  emphysema.  Sept-5 

Bread.  Aug-3.14 

Brown  soft  scale,  detecting.  Sept-10 


California.  Trigo  for.  Aug-12 

Cancer  inhibitor.  July-3 

Carbohydrates.  Apr-3 

Carbon  dioxide: 

Lures  livestock  pests.  June-15 
Prevents  carnation  sleepiness.  Sept-12 

Caribbean  agriculture.  Jan-8 

Carnations: 

Bud-cut  for  shipping.  Mar-12 
Preventing  sleepiness.  Sept-12 

Carotene.  Aug-16 

Carrots,  carotene  in.  Aug-16 

Cattle: 

Breeding  for  consumer.  Sept-16 

Calf  born  on  protein-free  diet.  May-16 

Ear  tagging.  Dec-8 

Multiple  births.  Apr-8,9 

See  also  Diseases,  animal 
Central  American  agriculture.  Jan-8 
Cereals,  fumigating  crated.  Feb-16 
Cherries,  sweet : 

[Mechanical  harv  esting.  June-11 

Sorter  for  stemless.  Oct-7 
Chiggers,  turkey.  Aug-7 
Citrus: 

Brown  soft  scale.  Sept-10 

Degreening.  Feb-11:  Mar-16 

Juice  adulteration  test.  Mar-13 

Pleasuring  cold  tolerance.  Feb-16 

Pick-up  machine.  Nov-7 

Stubborn  disease  curbs.  Apr-16 
Clothing — See  Utilization 
Clover  needs  early  watering.  Apr-15 
Cockroaches,  double  dawns  upset.  Apr-16 
Coffee: 

Planagement  of.  Jan-8 

Tree  shakers  for  Hawaii.  Jan-14 
Computers: 

Critical  depth  flumes.  Oct-13 

Hand,  fabric.  Nov-6 

?yIodel  for  Florida.  Aug-8 
Concrete: 

Fibered,  cuts  cost.  Aug-15 

Irradiated.  Oct-15 

Surface  bond  holds  blocks.  July-15 
Conenose  bugs,  breath  lures.  ]\Iay-14 
Conservation : 

Reclaiming  strip-mined  land.  ]May-3 

Florida  water  management.  Aug-8 
Construction:  See  concrete. 
Consumer — see  Utilization 
Cooperative  ^Nlonth.  Oct-16 


Corn: 

Borer  resistance.  Feb-6.  7 
DSMA  curbs  nutsedge  in.  June-16 
Reducing  lodging.  June-16:  July-15 
Tenderized  kernels.  Aug-14 
Cotton: 

Gin  keeps  air  clean.  July-4 
Herbicide  team  for.  Nov-12 
Inoculating  against  disease.  June-8 
Planter.  Aug-13 
See  also  Utilization 
Critical  depth  flumes.  Oct-13 
Curly-top-resistant  tomato.  Oct-14 


D 


DDT: 

Breakdown.  Oct-5 

Causes  thin  shells.  Aug-15 

Variant  and  birds.  Jan-5 

Variant  breakdovvn.  PIay-16 
Deer  fly  lure.  June-15 
Diseases,  animal: 

African  swine  fever.  Nov-10 

Anaplasmosis  field  test.  Apr-7 

Bluetongue  in  cattle.  Feb-8 

Bovine  emphysema.  Sept-5 

Bovine  leukemia  virus.  PIar-8 

Foot-and-mouth.  Oct-14:  PIay-7 

Heat-treating  eggs  prevents.  Apr-6 

Grass  tetany.  July-  7 

Lathyrism  from  sorghum,  sudan.  Nov-15 

Mycoplasma.  Nov-3:  Dec-15 

Quarantine.  Nov-8 

Trichinosis  test.  June-14 

\'irus  causes  calf  scours.  Aug-11 

Virus  research  technique.  June-3 
Diseases,  human: 

Antibiotic  against  yeast.  PIay-5 

Cancer  inhibitor.  July-3 
Diseases,  Plant : 

Ammonia  controls  root  rot.  Jan-11 

Citrus  stubborn  disease.  Apr-16 

Fire  blight  resistance.  Feb-10 

Inoculating  cotton.  June-8 

Plycoplasma  in  plants.  Nov-3 

Stem-pitting  in  peaches.  Feb-15 

Test  for  seed-borne  fungi.  Feb-12 

Vapors  for  biological  control.  Nov-13 
DNA   virus   causes   African   swine  fever. 

Nov-10 

Doppler     technique     detects  pregnancy. 
Sept-4 

DSMA  curbs  nutsedge.  June-16 
Dursban  controls  turkey  chiggers.  Aug-7 
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Ear  tagging  evaluated.  Deo-8 
Editorial : 

Atoms  at  work.  Sept-2 

Better  place  to  live.  Mar-2 

Diet  and  health.  June-2 

Food  for  wildlife.  Nov-2 

Horse  today.  Oct-2 

Human  health.  May-2 

Maple  sirup.  Feb-2 

Mechanical  harvesting.  Apr-2 

Pollution.  July-2 

Soybeans.  Aug-2 

Tropical  soils.  Jan-2 

Yearbooks.  Dec-2 
Egg.  Apr-6;  June-3 

Electricity  measures  cold  tolerance.  Feb-16 
Engineering: 

Cherries,  sorting.  Oct-7 

Cotton  gin,  clean  air.  July-4 

Cotton  fiber  sorter.  Mar-15 

Cotton  planter,  Aug-13 

Cotton  textile  processing.  Mar-14 

Graded  furrows.  Apr-13 

Plant  growth  chambers.  Mar-5 

Potato  storage  bins.  July-16 

Seed  separating.  July-16 

Tomatoes,  sorting  green.  Feb-13 

Tractor  traffic.  June-10 

Vacuum  wheel  meters  seed.  Nov-15 

.See  also  Concrete ;  Harvesting 
Erosion  follows  soybeans.  Mar-16 
Ethers  block  insect  growth.  Aug-16 
European  com  borer  resistance.  Feb-*,  7 


F 


Fabric  hand.  Nov-6 
Fats  and  goiter.  Dec-7 
Feed: 

Apple  pomace.  Jan-15 

Fly  pupae  for.  Dec-16 

Test  for  protein.  Jan-16 
Feedlots,  pollution  from.  Dec-14 
Fertilizer: 

Nitrogen  on  wheat.  Nov-16 

Nutrients  in  irrigation  water.  July-16 

Pollution  from.  Dec-14 
Fescue  needs  early  watering.  Apr-15 
Fibers,  chemically  modifying.  Dec-5 
Finnish  Landrace  lambs.  Sept-3 
Fire  ant: 

Capsule  control  for.  Feb-5 

Nests  in  metal.  Oct-15 
Fire  blight  resistance.  Feb-10 
Flies: 

Carbon  dioxide  lures.  June-15 

Pupae  for  feed.  Dec-16 
Florida  water  management.  Aug-8 
Flour,  fumigating  crated.  Feb-16 
Flowers : 

Carnations.  Mar-12;  Sept-15 

Gladiolus.  Mar-7:  Jan-12 
Food  For  Us  All:  1969  Yearbook.  Dec-2 
Fool-and-Moutli  disease.  Oct-14;  Nov-8 
Forests : 

Douglas-fir  tussock  moth.  May-12 
Pollution  dwarfs  white  pines.  Aug-4 


Freeze-etching.  Apr-10 
Fruit: 

Dip  cuts  decay.  July-13 
Herbicides  in  orchards.  Apr-12 
Stem-pitting  in  peaches.  Feb-15 
See  also  Citrus 

Fungi,  tests  for  seed-borne.  Feb-12 

Furrows,  graded.  Apr-13 

Fusarium  root  rot.  Jan-11 


G 


Georgia,  reclaiming  strip-mined  land  in. 

May-3 

Ginning,  clean  air  and.  July-4 
Gladiolus.  Mar-7:  Jan-12 
Glycolipids  in  breads.  Aug-3 
Goiter  and  Fats.  Deo-7 
Grains,  fumigating  crated,  Feb-16 
Grass: 

For  California  stockmen.  Aug-12 
Star,  for  Latin  America.  Apr-11 
For  transition  area  lawns.  June-12 
Tropical.  Jan-8 

Grass  tetany.  July-7 

Growth  regulator: 

Retardants  delay  tung  flowering.  Sept-13 
New.  Dec-3 

Gypsy  moth,  lab  rearing,  June-14 


H 


Hakko  tofu,  soy  food.  Sept-14 
Hand,  fabric.  Nov-6 
Harvesting: 

Citrus  pick-up  machine.  Nov-7 

Mechanical,  edit.  Apr-2 

Mechanical,  of  sweet  cherries.  June-11 

Potato  maturity  test.  Aug-5 

Tree  shakers  for  Hawaii.  Jan-14 
Hawaii,  tree  shakers  for.  Jan-14 
Herbicides: 

DSMA  curbs  nutsedge.  June-16 

For  yew,  maple.  Mar-15 

In  orchards.  Apr-12 

Kerosene  carrier  for.  Jan-10 

Retaining  water  in  fallow  soils.  Jan-16 

Teamed  for  cotton.  Nov-12 
Holley,  R.  W.,  plaque  honors.  May-15 
Hormones: 

Multiple  births.  Apr-8,  9 

New  plant.  Dec-3 
Horse  flies,  carbon  dioxide  lures.  June-15 
Horse  today,  edit.  Oct-2 
House  fly  pupae  for  feed.  Dec-16 
Housing — see  Concrete. 


I 


Infrared  photographs.  July-8 

Insects: 

Ant  nests  in  metal.  Oct-15 
Double  dawns  upset.  Apr-16 
Hybrid  ethers  block  growth.  Aug-16 


Genetic  study.  Jan-15 
Remote  sensing  detects.  Sept-10 
See  also  Attractants;  Biological  Control; 
individual  insect  , 

Insecticides:  j 
For  fire  ant  control.  Feb-5  \ 
DDT.  Jan-5;  May-16;  Aug-15;  Oct-15' 
Fumigating  crated  cereal.  Feb-16 
Parasites  withstand.  Nov-16 
Vapor  for  stored  foods.  Jan-7 

Integrated  insect  control.  Nov-16 

Iodine  and  goiter,  Dec-7 

Irrigation: 

Nutrients  in  water.  July-16 

Recycling  runoff.  Sept-11  j 

Irving,  G.  W.,  receives  award.  July-4  I 


K 


Kaolinite-mined  land.  May-3 
Kentucky  31  fescue.  June-12 
Kerosene  as  herbicide  carrier.  Jan-10 


L 


L-asparaginase,  cancer  inhibitor.  July-3 
Latin  American  agriculture.  Jan-8;  Apr-11  I 
Lawns,  grass  for  transition  area.  June-12 
Lawn  and  Garden  Week,  edit.  Mar-2 
Lice,  bacteria  control.  July-6 
Livestock : 

Ear  tagging  evaluated.  Dec-8 

See  also  Reproduction;  individual  animal  I 


M 


Maple,  herbicide  for.  Mar-15 
Maple  sirup,  edit.  Feb-2 
Maraschino  cherries.  Oct-7 
Marketing : 

Carnations,  shipping  bud-cut.  Mar-12 

Citrus  degreening.  Mar-16 

Dip  cuts  fruit  decay.  July-13 

Insecticide  vapor  for  stored  foods.  Jan-7 

Orange  juice  adulteration.  Mar-13 

Salmonella  test.  June-7 

Sorting  green  tomatoes.  Feb-13 

Stinkbug  damage  test.  Dec-6 

Turkey  boning  system.  June-6 
Meadowfoam,  beauty  plus  utility.  July-5 
Meat,  tailoring  to  consumer.  Sept-16 
Medicine — See  Disease,  human;  Nutrition 
Microwave  barbecue.  July-10 
Milk: 

Bulk  testing.  Mar-11 

Cold,  for  lambs.  Sept-3 

Whippable  skim.  Y\pr-15 
Mining  land,  reclaimed.  May-3 
Miticide  for  turkey  chiggers.  Aug-7 
Mohair,  chemically  modified.  Dec-5 
Mulch: 

Herbicides  with,  for  fallow  soils,  Jan-16 
Poultry  litter.  May-15 
Strip.  June-13 
Mycoplasma.  Nov-3 ;  Dec-15 
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National  Aeronautics  and   Space  Admin. 

Nectarines.  Feb-15:  July-13 
Nitrogen  on  wheat.  Nov-16 
Nitro£en  pollution.  Dec-14 
Xobef  Prize:  R.  V^'.  HoUey.  May-15 
Nutrition:  human: 

AtAvater  lecture.  Sept-14 

Carbohydrates.  Apr-3 

Edit.  June-2 

Food  For  Us  All:  Yearbook.  Dec -2 
Goiter  and  fats.  Dec-7 
Heating  vegetables  lowers  protein.  May-4 
Process  isolates  connective  tissue.  Nov-14 
Test  measures  protein  quality.  Sept-8 
Nuts: 

Retardants  delay  flo"\s-ering  tung.  Sept-13 
Nutsedge,  DSMA  curbs.  June-16 


O 


Oil.  safflower.  for  cooking.  Oct-5 
Oilseed.  Meadowfoam.  July-5 
Ornamentals : 
Edit.  _AIar-2 

Herbicides  for  yew.  maple.  Mar-15 
Hot  weather  retardants.  AIar-6 
Meadowfoam  promising  oil  plant.  July-5 
See  also  Flowers 


P 


Parasites : 

Vs.  alfalfa  weevil.  Oct-10 

Withstand  pesticide.  Nov-16 

Worm-resistant  sheep.  June-16 
Pastures: 

Sorghum.  Sudan,  and  disease.  Nov-15 

Tropical.  Jan-8:  Dec-9 
Peaches.  July-13 ;  Feb-15 
Peanuts,  planting.  Dec-16 
Pears.  Fel^lO:  Oct-11 
Photoperiods.  Mar-15 ;  Apr-16 
Ph}i;o-engineering  laboratory".  !Mar-3 
Pines,  pollution  dwarfs.  Aug— 4 
Pink  bollworms.  better  lure  for.  Sept-15 
Pinto  beans,  zinc  shortage  in.  June-15 
Plants,  poisonous.  Nov-11 
Plant-soil  filters.  Dec-10 
Plant  growth  chambers.  ^Iar-3.5 
Plums,  dip  cuts  decay  in.  July-13 
Pollution : 

Dwarfs  A\hite  pines.  Aug-4 

Edit.  July-2 

From  fertilizer,  feedlot.  Dec-14 
Multiple  reuse  of  water.  Dec-10 

Polyhedrosis  virus  curbs  motL  ^Iay-12 

Potato : 

Maturity  test.  Aug-5 
Storage  plans.  July-16 

Poultrs- : 

Bacteria  control  lice.  July-6 
Egg  bits  aid  virus  research.  June-3 
DDT  causes  thin  shells.  Aug-15 
Duisban  controls  chiggers.  Aug-7 


Fly  pupae  for  feed.  Dec-16 

Heat-treating  eggs.  Apr-6 

Litter  mulch.  ]\lay-15 

Salmonella  test.  June-7 

Turkey  boning  system.  June-6 
Precipitation,  gage  measures.  Jan-13 
Protein : 

Alfalfa  utilization.  Sept-6 

Calf  from  protein-free  diet.  May-16 

Heating  lowers  value.  ]May-4 

High-protein  breads.  Aug-3 

House  fly  pupae  for  feed.  Dec-16 

Tempeh  also  antibiotic.  Apr-5 

Protein  test  for  feeds.  Jan-16 

Test  measures  qualitv.  Sept-8 
Public  Law  480 : 

Brazil:  Foot-and-mouth  disease.  Oct-14 

India:  Citrus  stubborn  disease.  Apr-16 

Israel:  Carotene  in  carrots.  Aug-16 

Israel:  ?iIvcoplasma  identification.  Dec- 
15 

Israel:  Seed-marking.  May-13 
Japan:  Soy  food.  Sept-14 
Netherlands:     Seed-borne    fungi  tests. 
Feb-12 

Spain:  Orange  juice  adulteration.  Mar-13 
Puerto  Rican  agriculture.  Jan-8 


Q 


Quail,  DDT  causes  thin  shells  in.  Aug-15 
Quarantine,  animal.  Nov-8,  10 


R 


Radiation,  edit.  Sept-2 
Recharge  shafts  for  Texas.  May-10 
Red  flour  beetle.  Jan-15 
Remote  sensing:  July-8 

Brown  soft  scale.  Sept-10 

Soil  surveys.  Oct-3 
Reproduction: 

Beetles  and  research.  Jan-15 

Birth  defects.  Nov-11 

]\Iultiple  births.  Apr-8 

Pregnancy  detection  in  sheep.  June  5; 
Sept^ 

Preventing  failures.  Jan-3 

Quick  test  diagnosis  problems.  Aug-10 
Retardants : 

Delay  tung  flowering.  Sept-13 

Hot  weather.  !Mar-6 
Rhizatron  for  root  studies.  Oct-12 
Rhizobitozine,  weed  killer.  May-11 
Ribonucleic  acid  research  honors.  May-15 
Rice,  soybean  rotation.  Sept-15 
Root  rot.  ammonia  controls.  Jan-11 
Root  studies  is-ith  rhizatron.  Oct-12 
Runoff: 

Recharge  shafts  save.  May-10 

Recycling  systems.  Sept-11 


S 


Safflower  oil  for  cooking.  Oct-6 
Salmonella  test.  June-7 


Salt  for  measuring  stream  velocity.  Dec-16 

Screwworm  fly  surv  eys.  Aug-6 

Seeds: 

Invisible  color  codes.  May-13 

Separating  magnetically.  July-16 

Testing  for  fungi  in.  Feb-12 

^  acuum  meters.  Nov-15 
Semen,  frozen  boar.  May-6 
Sewage  effluent,  cleansing.  Dec-10 
Sheep : 

Ear  tagging.  Dec-8 

Finnish  landrace  lambs.  Sept-3 

Keds  cause  cockle.  Feb-3 

Plants  cause  birth  defects.  Nov-11 

Pregnancy  detection.  Sept-4:  June-5 

Worm  resistance.  June-16 
Sheepskin  cockle.  Feb-3 
Snowtrap.  stubble.  Feb-14 
Soil: 

Graded  furrows.  Apr-13 

Rhizatron  aids  root  studies.  Oct-12 

Soil-plant  filters.  Dec-10 

Surv  eys  by  remote  sensing.  Oct-3 
Sorghum  pasture  and  disease.  Nov-15 
Sorghum,  sweet,  utilization.  Sept-16 
Sourdough  French  bread.  Aug-14 
Soybeans: 

Erosion  follows.  Mar-16 

More  light,  higher  yields.  Oct-16 

Stinkbug  damage  test.  Dec-6 

Soybean-rice  rotation.  Sept-15 

Tempeh  also  antibiotic.  Apr-5 

Utilization.  Aug-2 :  Sept-14 
Spleen  cell  count  for  protein  test.  Sept-3 
Squash,  aluminum  doubles  yields.  Mar-7 
Star  grass  for  Latin  America.  Apr-11 
Stinkbug  damage  test.  Dec-6 
Storage: 

Insecticide  vapor  for.  Jan-7 

Plan  for  potato.  July-16 
Streams,  salt  measures  velocity.  Dec-16 
Strip-mining,  reclaiming  land.  May-3 
Strip  mulching.  June-13 
Stubble  sno-^rtrap.  Feb-14 
Sudan  pasture  and  disease.  Nov-15 
Sugarcane,    long    davs    permit  crosses. 

Mar-15 

Sweet  sorghum,  utilization.  Sept-16 

Swine : 

Housing.  Mar-10 
Trichinosis  test.  June-14 
Viability  of  frozen  semen.  May-6 

Szent-Gyorgi  gives  At-vs  ater  lecture.  Sept-14 


T 


Tangerines,  early  degreening.  Feb— 11 
Tempeh  also  antibiotic.  Apr-5 
Texas,  recharge  shafts  for.  May-10 
Tobacco   bud-worm,   double   dawns  upset. 

Apr-16 
Tomatoes: 

Curly  top  resistant.  Oct-14 

Sorting  green.  Feb-13 

Treated  water  curbs  decay.  May-14 
Tractor  traffic.  June-10 
Traps : 

Boll  wecA-il:  Apr-14;  Oct-8 

ScreAs^worm.  Aug-6 
Trichinosis  test.  June-14 
Trigo  for  California  stockmen.  Aug-12 
Trifiuralin  in  cotton.  Nov-12 
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Tropics.  Jan-8,  2;  Apr-ll ;  Dec-9 
Tunp;,  retardants  delay  flowering.  Sept-13 
Turkey  honing.  June-6 
Turlcey  chiggers.  Aug-7 


U 


Utilization: 
Alfalfa.  Sept-6 
Antibiotic.  May-5 
Cancer  iidiihitor.  July-3 
Corn  kernels,  tenderizing.  Aug-14 
Cotton.  Mar-15 

Cotton  press,  hot  wash  removes.  Jan-15 
Cotton  textile  processing.  Mar-14 
Cotton     diirahle     press.  Line-drying. 
rel)-15 

llakko  tofu,  new  soy  food.  .Sept-14 
Hand,  coinpiilerizing  fabric.  Nov-6 
Meadowfoam,  |)roniisiiig  oil  plant.  July-5 
Microwavt;  Ijarbeciiing.  july-lO 
Milk,  uliii)pable  skitn.  Apr  15 
Safilower  oil  for  cooking.  Oct-6 
Sheepskin  cookie.  P'eh-3 
Sourdough  French  bread.  Aug-14 
Sweet  sorghum.  .Sept-16 
Tempeh  also  antibiotic.  Apr-5 
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Wool,    mohair,    chemically  modifying. 
Dec-5 


V 


Vacuum  wheel  meters  seed.  Nov-15 

Vegetables: 

Aluminum  doubles  yields.  Mar-7 
Heating  lowers  protein.  May-4 

Verticillium  wilt.  June-8 


W 


Wasps  vs.  alfalfa  weevil.  Oct-10 
Water: 

Critical  depth  flumes.  Oct-13 

(rage  measures  rain,  snow.  Jan-13 

Florida  management.  7\ug-8 

Multijile  reuse.  Dec-10 

Pollution.  Dec-14 

Recharge  shafts.  May-10 

Retaining,  in  fallow  soils,  .lan-16 
Weed  killer.  May-ll.  Sec  also  Herbicide 
Wheat,  Nitrogen  on.  Nov-16 


White  pines,  pollution  dwarfs.  Aug-4 
Wiebe,  G.  A.,  receives  award.  July-14 
Wildlife: 

DDT  causes  thin  shells.  Aug-15 
DDT  variant  affects  ])irds.  Jan-5 
Florida  water  management.  Aug-8 
Food  for.  Nov-2 
Witchweed  control,  cutting  cost.  Nov-15 
Wool,  chemically  modifying.  Dec-5 
Worm-resistant  sheep.  June- 16 


Y 


Yams,  management  of.  Jan-8 
Yearbook.  Dec-2 

Yeast,  antibiotic  acts  against.  May-5 
Yew,  herbicide  for.  .Mar-15 


Z 


Zaumeyer,  W.  J.  receives  award.  July-14 
Zinc  shortage  in  beans.  June-15 
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